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ORIGINAL ARTICLE 

Upregulation of RASGRP3 expression in prostate cancer 
correlates with aggressive capabilities and predicts biochemical 
recurrence after radical prostatectomy 

X Zeng^'^ Z Hu^'^ Z Wang\ J Tao^ T Lu\ C Yang\ B Lee^ and Z Ye^ 

BACKGROUND: This study was undertaken to investigate the expression of guanyl nucleotide-releasing protein for Ras 3 (RasGRPS) 
in the cell lines and tissues in BPH and prostate cancer (PCa), as well as its associations with cancer invasion and prognosis in 
prostate carcinomas. 

METHODS: Expression analysis of RasGRP3 was accomplished using immunohistochemical staining of PCa and BPH tissues. 
Pearson's test was used to analyze the association between RasGRPS expression and specific clinical parameters. 
Survival and PSA relapse curves were evaluated using the Kaplan-Meier curves and log-rank tests, and the differences were 
assessed using the Cox regression methods. In addition, human PCa cell lines PC-3, DU145, LNCaP, PC3IV1-1 E8, PC3IV1-2B4 and BPH-1 
were examined for expression of RasGRPS using western blot and quantitative polymerase chain reaction (Q-PCR) analysis. After PC- 
3 cells were transfected by small interfering RNA targeting RasGRPS, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
and migratory assays were employed to determine the vitality and aggressive capability of tumor cell in vitro. 
RESULTS: Expression of RasGRPS was significantly correlated (P = 0.038 and P = 0.021) with Gleason score (^6 versus ^7) and 
T stage (T1-T2 versus T3-T4), respectively. PCa with RasGRPB-positive expression may increase the risk of PSA recurrence and 
decrease cancer-specific survival (P= 0.0291 and P = 0.0044). The expression of RasGRPS was also associated with PSA recurrence 
and cancer-specific survival in univariate (P< 0.001 and P< 0.001) and multivariate analyses (P< 0.001 and P = 0.003). RasGRPS 
mRNA and proteins were found to be positively expressed in PCa cell lines. There was higher expression of RasGRPS in PC-S, DDI 45 
and PCSM-1E8 than in LNCaP, PCSM-2B4 and BPH-1. Knockdown of RasGRPS inhibited the proliferation, migration and invasion 
capabilities of PC-S cells. 

CONCLUSIONS: These data suggested that elevated RasGRPS expression may play a key role in the malignant progression of PCa, 
especially in invasion and metastasis, and may be a potential marker of biochemical recurrence. 
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INTRODUCTION 

Prostate cancer (PCa) is one of the most common causes of death 
in men worldwide, causing > SO 000 deaths annually in the United 
States alone.^ Because of the rapidly aging population and 
changing food consumption in China, more and more PCa cases 
have been reported in recent years.^ It is widely believed that PCa 
may be caused by abnormal overactivation of oncogenes or/and 
dysregulation of tumor-suppressor genes.^ So far, the PSA test is 
still the most widely used method for diagnosis of early-stage PCa. 
However, significant concerns exist regarding its specificity under 
certain conditions. Although numerous studies were carried out to 
perform variations of PSA tests (that is, changes in velocity, 
density, free versus bound and pro-isoforms) or discover novel 
biomarkers (that is, KLK2, EPCA, PCAS and AMACR),"^ very limited 
validated information is available for their uses in clinical settings.^ 
Having an accurate understanding of postoperation pathologic 
features and possible recurrence after treatments is important in 
selecting an effective and efficient method of treatment. 



Guanyl nucleotide-releasing protein for Ras S (RasGRPS) is a 
member of the RasGRP family and is able to promote guanine 
nucleotide exchange of Ha-Ras, R-Ras and Rapl.^ RasGRPS is 
involved in a diverse range of important biological processes. For 
instance, RasGRPS was initially reported to play important roles in 
regulation of human B cells, T cells and endothelial cells through 
multiple critical signaling pathways, such as PKC and Ras.^'^ Later 
studies showed that its dysregulation is implicated in a number of 
human diseases, such as cancers.^"^° Overexpression of RasGRPS 
is commonly associated with many malignancies, such as pre-B- 
cell leukemia, Burkitt's lymphoma and natural killer-like T-cell 
leukemia. The complementary DNA microarray data also revealed 
that RasGRPS was significantly upregulated in metastatic PCa 
compared with normal prostate conditions."'^^ Recently, Yang 
et al.^^ also confirmed this upregulation of RasGRPS mRNA in 
prostate tumors. In addition, they also reported that 
downregulation of endogenous RasGRPS inhibited PCa cell 
proliferation, migration and induced apoptosis.^^ 



^Department of Urology, Tonji Hospital, TongjI Medical College, Huazhong University of Science and Technology, Wuhan, Hubel, People's Republic of China; ^Department of 

Dermatology, Union Hospital, TongjI Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, People's Republic of China and ^Department of Urology, 

Feinberg School of Medicine, Northwestern University, Chicago, IL, USA. Correspondence: Dr Z Wang, Department of Urology, Tonji Hospital, Tongji Medical College, Huazhong 

University of Science and Technology, Wuhan, Hubei 430030, People's Republic of China. 

E-mail: zhwang415@gmail.com 

"^These two authors contributed equally to this work. 

Received 24 April 2013; revised 7 August 2013; accepted 29 August 2013; published online 14 January 2014 



Role for RasGRPS in the progression of PCa 
X Zeng et al 



In this study, we validated the hypothesis that RasGRPS is a 
potentially valuable prognostic biomarker of PCa. The expression 
status of RasGRPS in a series of human PCa cell lines and 169 
prostate tissues has been tested to assess the relationship 
between RasGRPS high expression and prognostic value in this 
cohort of patients. Furthermore, we attempted to explore its 
associated molecular mechanism in cell growth, migration and 
invasion of PCa cells using small interfering RNA (siRNA) in vitro. 



MATERIALS AND METHODS 

Patients and prostate specimens 

A total of 1 17 prostatic carcinoma samples, consisting of 48 cases of TURP, 
22 specimens of radical prostatectomy and 47 biopsies of the prostate, 
were collected from patients with an average age of 68.4 years (ages 
ranging from 52 to 83 years) at Tongji Hospital affiliated with Tongji 
Medical College at Huazhong University of Science and Technology 
(Wuhan, China). All patients underwent open or laparoscopic prostatec- 
tomies. Samples were collected from January 2005 to November 2009. The 
control group (BPH) comprised 52 age-matched patients with an average 
age of 67.5 years (ages ranging from 56 to 79 years), who were recruited 
during the same period. All slices were collected from areas of invasive 
adenocarcinoma and pathologically identified according to the hematox- 
ylin and eosin staining. Three replicate tumor samples were taken from the 
same location for immunohistochemical staining. The tumor grade and 
clinical stage of these samples were assessed based on the 2002 TNM 
classification and Gleason system. Follow-up data were available for the 
case group, ranging from 7 to 93 months. This study was approved by the 
local ethical committee. 



Immunohistochemistry 

In brief, tissue slices (4|im) were deparaffinized and incubated in water with 
0.3% H2O2 for SOmin to remove endogenous peroxidase activity. The 
sections were then immersed in lOmivi citrate buffer (pH = 6) and heated in 
a microwave oven for SOmin. Sections were blocked with 5% normal goat 
serum in phosphate-buffered saline for 1 h and then incubated overnight 
with RasGRPS antibody (Proteintech Group, Wuhan, China) at 4°C For the 
negative control, 5% normal goat serum was used to replace the primary 
antibody. Staining was detected using a standard avidin-biotin-peroxidase 
complex followed by Mayer's hematoxylin counterstain. Positive staining 
was defined as the brown oxidized 3,S'-Diaminobenzidine (DAB) in the given 
cellular compartments without background signal. The immunostaining 
scores (ISSs) of RasGRPS were evaluated under a light microscope by three 
pathologists without patients' clinical information and were determined by 
multiplying the percentage of positive tumor cells and the average staining 
intensity. Proportion was scored on a scale of 0 (0-4%), 1 (5-24%), 2 (25- 
49%), 3 (50-74%) and 4 (75-100%). Intensity was scored on a scale of 0 (no 
stain), 1 + (weak stain), 2+ (medium stain) and 3+ (strong stain). 



Cell culture and siRNA transfection 

Human PCa cell lines LNCaP (ATCC#CRL-1 740), DU-145 (ATCC#HTB-81) and 
PC-S (ATCC#CRL-14S5) were obtained from ATCC (Manassas, VA, USA) and 
BPH-1 was generously provided by Dr Weide Zhong (Guangzhou Medical 
University, Guangzhou, China). PCSM-1E8 (highly metastatic PC-S variant) 
and PCSM-2B4 (nonmetastatic PC-S variant) were obtained from Cancer 
Biology Research Center of Tongji Hospital (Wuhan, China), and were 
isolated and identified by Dr Jie Zheng (Beijing University, Beijing, China). 
Subclone 1E8 represented as the highly metastatic phenotype, whereas 
2B4 was not metastatic after subcutaneous inoculation into nude mice.^^'^^ 
Cells were grown in RPMI-1640 medium supplemented with 10% fetal 
bovine serum (Hyclone Laboratories, Logan, UT, USA), penicillin 
(lOOUml"^) and streptomycin (100|igmr\- Invitrogen, Carlsbad, CA, 
USA) at 37 °C in a 5% CO2 incubator. Two RasGRPS-specific siRNAs and a 
nonspecific control siRNA were transfected into PC-S cells with Lipo- 
fectamine 2000 (Invitrogen), according to the manufacturer's instructions. 
siRNA sequences were listed as following: 

SiRNA 774: 5'-GACCCAUUCUCAUCUUUCUUCAGAA-S' and 5'-UUCUGAA 
GAAAGAUGAGAAUGGGUC-S'; siRNA 1260: 5'-CAUAAGGAAAUUAGUGGA 
GUCUGUA-3' and 5'-UACAGACUCCACUAAUUUCCUUAUG-S'; Stealth siRNA 
Negative Control: 5'-CACCGCTGATAGCATTCGACGTCTATCAAGAGTAGACGT 
CGAATGCTATCAGC-S'. 



mRNA expression and immunoblot analysis 

Total RNA of human PCa cells was extracted with Trizol (Gibco-BRL, Paisley, 
Scotland) and reverse transcribed into complementary DNA by using oligo 
(DT) primers and M-MLV reverse transcriptase (ReverTra Ace, Toyobo, 
Osaka, Japan). The resultant complementary DNA was amplified with 
human RasGRPS (NM_1 70672.2)-specific primers (sense 5'-TCAGCCTCATC- 
GACATATCCA-S' and antisense 5'-TCAGCCAATTCAATGGGCTCC-S0. Human 
18S ribosomal RNA (GenBank: X0S205.1) was amplified as internal control 
by using specific primers (sense: 5'-AACCCGTTGAACCCCATT-S' and 
antisense: 5'-CCATCCAATCGGTAGTAGCG-S'). Real-time PCR was carried 
out on Applied Biosystems 7500 PCR systems by using the iQTM SYBR 
Green Supermix (Bio-Rad, Hercules, CA, USA). Relative mRNA levels were 
determined using the 2- AACt interpretation and normalized to the 18S 
gene. For immunoblot analysis, total protein was isolated from PCa cells. 
Equal amounts of protein samples (60|ig) were subjected to a 10% SDS- 
polyacrylamide gel electrophoresis and transferred to polyvinylidene 
difluoride membranes (Millipore, Billerica, MA, USA). The membranes were 
blocked in 5% nonfat milk and then were incubated with primary antibody 
(anti-RasGRPS, 1:500; Proteintech Group) or p-actin (rabbit anti-p-actin, 
1:500; Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 4°C overnight. 
The membranes were washed and incubated with specific peroxidase- 
conjugated secondary antibodies. Proteins were detected using the ECL 
system (Thermo Pierce, Rockford, IL, USA). 

Cell vitality, invasion and migration assay 

PC-S cells were seeded into a 96-well plate at a density of SOOO cells per 
well and cultured for 72 h. Cell viability was determined by using S-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reagent (Sigma- 
Aldrich, St Louis, MO, USA) according to the manufacturer's protocol. Cell 
migration and invasion ability of PC-S cells were measured by transwell 
assay. Then, 1x10^ transfected cells were briefly plated in the upper 
chambers of the transwell (Costar, Cambridge, MA, USA) in fetal bovine 
serum-free medium and 10% fetal bovine serum-containing medium was 
deposited in the lower chambers. For cell invasion assays, transwell 
membranes were coated with matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA) before plating cells. After 24 h, cell were removed from the upper 
chambers, whereas cells on the lower chambers were fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet. Five independent 
fields for each well were counted and photographed by microscope. 

Statistical analysis 

Pearson's %^ test was used to analyze the association between RasGRPS 
expression and specific clinical parameters, including T classification, N 
classification, surgical margin status, Gleason score and pretreatment PSA. 
Survival and PSA recurrence curves were evaluated using the Kaplan-Meier 
method, and the differences were assessed using the log-rank test. All 
clinical parameters were analyzed with a univariate Cox proportional 



Table 1. Prostate cancer patient characteristics 


Number of patients 


117 


Age (years) 


52-83 


Mean (s.d.) 


68.4 ± 4.7 


Serum PSA (ngml' ') 


10-584 


Average (s.d.) 


46 ± 76.4 


Follow-up period (month) 


7-93 


Mean (s.d.) 


48.0 ±25.1 


Outcome 




Alive (%) 


44 (46.2) 


Cancer death (%) 


43 (36.8) 


Other cause of death (%) 


20 (17.1) 


Gleason score 




^6 (%) 


52 (44.4) 


^7 (%) 


65 (55.6) 


T classification 




T1-T2 (%) 


89 (76.1) 


T3-T4 (%) 


28 (23.9) 


N classification 




NO (%) 


78 (66.7) 


N+ (%) 


39 (33.3) 
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Figure 1. Innnnunohistochennical staining of guanyl nucleotide-releasing protein for Ras 3 (RasGRP3) protein in prostate tissues, 
(a) RasGRPS staining was negative in benign prostatic epithelia. (b, c, d) Representative positive staining of RasGRPS in low-risk, 
internnediate-risk and high-risk prostate cancer. Low nnagnification is x 20; high nnagnification (inset) is x 40. 



Table 2. RasGRPS immunohistochemical staining results 



Parameters 



Patient (n) 



RasGRP3-positive 
group 

53 



Serum PSA level (ngml ^) 



<10 

Gleason score 
^6 
>7 

T stage 
T1-T2 
T3-T4 

Lymph node 
(-) 
( + ) 

Surgical margin status 
(-) 
( + ) 



25 
28 



18 
35 



35 
18 



37 
16 



34 
19 



RasGRPS-negative 
group 

64 



29 
35 



34 
30 



54 
10 



51 
23 



44 
20 



P-value 



0.84 r 



0.038^ 



0.02 r 



0.858^ 



Abbreviation: RasGRPS, guanyl nucleotide-releasing protein for Ras 3. 
^Calculated by Pearson's test. 



hazards model; variables were considered significantly at a level of P<0.1. 
These significant variables were analyzed stepwise into multivariate Cox 
proportional hazards models. Related data were analyzed with f-test 
between two groups or analysis of variance among three groups. All 
statistical analyses were performed using the Statistical Package for the 
Social Sciences, Version 1S.0 (SPSS, Chicago, IL, USA). P<0.05 was 
considered significant. 

RESULTS 

RasGRPS expression in PCa tissues and its correlation with clinical 
and predictive parameters 

To investigate RasGRPS protein expression levels in prostate 
tissues, 117 PCa patient sannples with distinct clinical character- 
istics and outconnes (Tables 1 and 2) and 52 age-nnatched control 
samples (BPH) were evaluated by RasGRPS-specific immuno- 
histochemistry staining. As shown in Figure 1, the staining results 
showed that 5S out of 1 1 7 PCa tissues (45.2%) were classified as 
RasGRPS positive, with various staining intensities. In sharp 
contrast, RasGRPS negative was extremely dominantly observed 
in 49 out of 52 (94.2%) benign prostate tissues, except S samples 
with ambiguous immunostaining. The RasGRPS protein was 
mainly observed in the cytoplasms and membranes of PCa cells 
with occasional nuclear staining. This protein is one of those 
responsible for maintaining the balance of Ras-GTP levels. 
RasGRPS-mediated Ras activation and other diverse signaling 
may be important for survival of cancer cells from specific drugs. 

In addition, the association between RasGRPS protein and clinical 
and prognostic parameters (T stage, N stage, Gleason score, 
pretreatment PSA level) was also analyzed. As shown in Table 2, 
immunohistochemical analysis revealed a positive correlation 
between RasGRPS expression and Gleason score. For example, S5 
out of 65 patients (5S.8%) with Gleason scores of ^7 were RasGRPS 
positive, but only 18 out of 52 (S4.6%) patients with Gleason scores 
of ^6 were RasGRPS positive (P = 0.0S8). In addition, RasGRPS 
upregulation was also significantly correlated with T stage 
(P = 0.021). However, pretreatment PSA levels, node metastasis 
and positive surgical margin were not correlated with higher levels 
of RasGRPS expression (P= 0.841, P = 0.914 and P = 0.858). 

In order to have a better understanding of its potential 
predictive value in PCa progression, the relationship between 
RasGRPS (ISS) and PCa risk was analyzed. PCa patients were 



stratified to low-, intermediate- and high-risk groups, according to 
National Comprehensive Cancer Network (NCCN) Guidelines.^^ As 
shown in Figure 2, ISSs revealed significant difference in RasGRPS 
levels among three PCa risk groups (P< 0.001). More importantly, 
increased RasGRPS protein expression was correlated with 
enhanced PCa risk. For instance, the average ISSs of low-, 
intermediate- and high-risk groups were 5.47 ±1.64, 8.S0±1.S4 
and 10.44± 1.62, respectively. Taken together, these observations 
illustrated that RasGRPS is frequently upregulated in PCa with 
worse clinical and pathological parameters and has potential 
predictive value for evaluating increased PCa risk. 

Correlation of RasGRPS expression with PSA recurrence 

PSA recurrence reached a consensus according to the guidelines 

of the American Urological Association Localized Prostate Cancer 
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Update Panel report, which is associated with accelerated PCa 
mortality.^ ^ PSA recurrence-free survival (PRFS) was defined as the 
first time a PSA value of >0.2ngml~^ was recorded with a 
confirmatory value following radical prostatectomy.^^ Of all the 
117 PCa patients, 49 (41.9%) developed PSA recurrence. The PSA 
recurrence rate was 58.5% (31 out of 53) in the RasGRP3-positive 
group versus 28.1% (18 out of 64) in the RasGRP3-negative group 
(P<0.01; Figure 3a).We also found that PRFS rates at 3 years were 

15i 



0) 




1 1 1 

low intermediate high 
PCa risk groups 

Figure 2. Correlation of prostate cancer (PCa) risk and guanyl 
nucleotide-releasing protein for Ras 3 (RasGRP3) protein expression. 
PCa risk groups were stratified by low-risk groups (n = 15), 
intermediate-risk groups (n = 20) and high-risk groups (n = 18), 
according to the National Comprehensive Cancer Network Guide- 
lines. Immunostaining score of RasGRP3 protein expression was 
determined by immunohistochemistry. 



62.9 and 82.6% in the RasGRP3-positive group versus the 
RasGRP3-negative group. Abnormal RasGRP3 upregulation accel- 
erated the progression of PSA recurrence (61.8% versus 73.8%, 
log-rank test, P = 0.0291; Figure 3b). In particular. Table 3 showed 
the univariable and multivariable Cox regressions models predict- 
ing PRFS in the 117 patients. Univariable Cox regression analysis 
showed that Gleason score, T stage and RasgGRP3-positive 
expression were predictive of PRFS (P = 0.026, P = 0.004 and 
P< 0.001). In multivariable analysis, only RasGRP3-positive expres- 
sion was significantly associated with PRFS (P< 0.001). Therefore, it 
is suggested that RasGRP3 expression is an independent risk 
factor for PSA recurrence. 



Correlation of RasGRP3 expression with patient survival 
PCa patients who have received curative treatments, such as 
radical prostatectomies, have longer life expectancies, which are 
accompanied with obvious risks of mortality attributable to 
comorbidities. We chose death specifically from PCa as the 
experimental end point as it is the most definitive indication of the 
failure of curative treatment. As shown in Figure 4a, the prostate- 
specific death rate was significantly higher in the RasGRP3-positive 
group (66%; 33 out of 50) than in the RasGRP3-negative group 
(29.8%; 11 out of 37; P<0.01). We also found that PCa-specific 
survival rates at 3 years were 53.1% and 78.8% in the RasGRP3- 
positive group versus the RasGRP3-negative group, respectively. 
Compared with RasGRP3-positive patients, RasGRP3-negative 
patients had an apparent longer survival (55.0 versus 75.8, log- 
rank test, P = 0.0044; Figure 4b). Exploratory univariable Cox 
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Figure 3. Correlation of PSA recurrence and guanyl nucleotide-releasing protein for Ras 3 (RasGRP3) protein expression, (a) Probability of PSA 
recurrence, (b) Kaplan-Meier curves of PSA recurrence-free rate. Prostate cancer patients were stratified into a RasGRP3-positive group {n = 53) 
and a RasGRP3-negative group (n = 64). 



Table 3. Association of clinical variables and immunostaining of RasGRP3 with PSA relapse-free survival based on Cox proportional hazards 
regression models 


Variable 


Univariate analysis 




Multivariate analysis 






HR (95% CI) 


P-value 


Adjusted HR (95% CI) 


Adjusted P-value 


Preoperative PSA 
<10 vs ^10 


0.812 (0.462-1.427) 


0.469 


1.099 (0.557-2.169) 


0.784 


Gleason score 
^6 vs ^7 


2.209 (1.099-4.441) 


0.026 


1.266 (0.591-2.715) 


0.544 


T stage 
^ 2 vs ^3 


2.496 (1.334-4.668) 


0.004 


1.71 (0.844-3.462) 


0.136 


Lymph node status 
Positive vs negative 


1.077 (0.595-1.948) 


0.807 


0.617 (0.318-1.196) 


0.153 


Surgical margin status 
Positive vs negative 


1.357 (0.756-2.435) 


0.306 


1.262 (0.629-2.529) 


0.513 


RasGRPS expression 
Positive vs negative 


9.257 (4.314-19.864) 


< 0.001 


9.464 (4.147-21.596) 


< 0.001 


Abbreviations: CI, confidence interval; HR, hazard ratio; RasGRPS, guanyl nucleotide-releasing protein for Ras 3. 
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Figure 4. Correlation of prostate-specific death and guanyl nucleotide-releasing protein for Ras 3 (RasGRP3) protein expression, (a) Ratio and 
(b) speed of prostate cancer-specific death in the RasGRP3-positive group {n = 50) and the RasGRP3-negative group {n = 37). 



Table 4. Association of clinical variables and RasGRP3 protein expression with cancer-specific survival based on Cox proportional hazards regression 
models 


Variable 


Univariate analysis 




Multivariate analysis 






HR (95% CI) 


P-value 


Adjusted HR (95% CI) 


Adjusted P-value 


Preoperative PSA 
<10 vs ^10 


0.927 (0.496-1.734) 


0.813 


0.687 (0.254-1.859) 


0.459 


Gleason score 
^6 vs ^7 


2.222 (1.019-4.848) 


0.045 


1.461 (0.675-3.162) 


0.336 


T stage 
^ 2 vs ^3 


2.260 (1.126-4.536) 


0.022 


1.162 (0.452-2.992) 


0.755 


Lyrnpti node status 
Positive vs negative 


1.328 (0.691-2.554) 


0.395 


0.574 (0.263-1.254) 


0.164 


Surgical margin status 
Positive vs negative 


1.644 (0.873-3.097) 


0.124 


1.807 (0.780-4.189) 


0.168 


RasGRPS expression 
Positive vs negative 


7.798 (4.142-17.983) 


< 0.001 


7.536 (4.405-16.015) 


0.003 


Abbreviations: CI, confidence interval; HR, hazard ratio; RasGRPS, guanyl nucleotide-releasing protein for Ras 3. 



regression analysis showed that Gleason score, T stage and 
RasgGRP3 positive expression were predictive of PCa-specific 
survival (P = 0.045, P = 0.022 and P< 0.001). On multivariable 
analysis, only RasGRP3-positive expression was significantly 
associated with PCa-specific survival (P = 0.003). Our data 
showed that RasGRP3 expression was an independent factor for 
cancer-specific survival (Table 4). Taken together, all of our 
immunohistochemistry results suggested that RasGRP3 may have 
a cancer-promoting function in PCa. 



RasGRP3 expression levels and siRNA-based RasGRP3 knockdown 
in PCa cells 

RasGRP3 mRNA and protein expression levels of five prostate cell 
lines were evaluated using real-time-PCR and western blots, 
respectively. Both RasGRP3 mRNA and protein in androgen- 
independent cell lines DU145, PC3 and its variant cell lines 
(PC3IV1-1E8 and PC3IV1-2B4) were obviously higher than those in 
androgen-dependent cell line LNCaP (Figures 5a and b), which is 
consistent with previous reports.^ ^ To explore the function of 
RasGRP3 in PCa cells, we decided to knock down endogenous 
RasGRP3expression by RasGRP3-specific siRNA 774 and siRNA 
1260. As shown in Figure 5c, both siRNAs were able to effectively 
inhibit RasGRP3 expression in PC-3 cells. Compared with mock and 
control siRNA-transfected cells, PC-3 cells transfected with siRNAs 
exhibited significantly decreased cell proliferation (P<0.01) as 
measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide assay (Figure 5d). Upregulation in metastatic prostate 
tissue suggests that RasGRP3 may also have a role in cell migration 



and invasion. Therefore, we also evaluated cell migration and 
invasion abilities of PC-3 cells. As shown in Figure 5e, transwell 
assays indicated that downregulation of RasGRP3 by siRNA was 
significantly associated with inhibited cell migration and invasion 
in PC-3 cells (P< 0.001). Taken together, these in vitro results 
further confirm the putative oncogene role of RasGRP3 by 
promoting cell proliferation, migration and invasion of PCa cells. 



DISCUSSION 

Localized PCa was found to have high cure rates and excellent 
long-term survival rates with standard approaches.^^ However, 
patients with high-risk, locally advanced, metastatic PCa face life- 
threatening conditions that cannot be treated using any currently 
available approaches. RasGRP3 is here proposed as a candidate 
tumor biomarker to evaluate the accuracy of early diagnosis and 
prognosis of PCa. 

RasGRP3 is one of the four known members of the RasGRP3 
family of RasGEFs.^ Aside from the characterized catalytic domains 
related to CDC25, which are the Ras exchange factors of 
Saccharomyces cerevisiae, RasGRP has an atypical pair of EF (two 
helixes, E and F) hands that bind the calcium and diacylglycerol- 
binding domain. Research has shown that RasGRP3 is regulated by 
binding tumor-promoting phorbol esters. This serves as a PKC- 
independent pathway, inducing activation of Ras. For instance, Ras 
signaling increases in autocrine and paracrine growth factor loops, 
and epidermal growth factor, transforming growth factor-a, 
keratinocyte growth factor, basic fibroblast growth factor and 
insulin-like growth factor 1 and their cognate ligands have all been 
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Figure 5. (a) Quantitative polynnerase chain reaction (Q-PCR) analysis of guanyl nucleotide-releasing protein for Ras 3 (RasGRPS) in prostate 
cancer (PCa) cell lines represents the nnean±s.d.; Q-PCR analysis of RasGRPS nnRNA was nornnalized to 18S. (b) Western blot analysis of 
RasGRPS in PCa cell lines, (c) Downregulation of the RasGRPS protein in PC-S cells treated with snnall interfering RNA (siRNA). (d) Proliferation 
of PC-S cells was inhibited after downregulation of the RasGRPS. (e) Connparisons of PC-S nnigration and invasion abilities after RasGRPS siRNA 
transfection. **P<0.01, ***P<0.001. 



found to be overexpressed in advanced PCa.^° Moreover, Ras was an 
internnediate of the downstreann signaling driving progression to 
androgen-independent PCa.^^ The findings of previously published 
studies clearly innplicated that Ras signaling was correlated with 
progression of PCa.^^'^^ RasGRPS and other guaninenucleotide 
exchange factors function as nnolecular switches and pronnote the 
exchange of guanosine diphosphate to guanosine triphosphate 
binding of the Ras family G proteins.^^ RasGRP fannily mennbers are 
involved in cancer development: Suzuki et al?^ identified four Ras 
genes by retroviral tagging, and RasGRPS was upregulated during 
tumor angiogenesis and regulated by vascular endothelial growth 
factor.^ RasGRPI showed a novel role in skin carcinogenesis.^^ 
Increased RasGRPI levels reduced pS8 kinase activity in resistance to 
methyl ethyl ketone inhibitors.^^ Yang et alP revealed RasGRPS 
expression in the PCa cell lines as well as PCa tissues; its expression 
played an influential role on the proliferation and tumorigenesis of 
the PCa cell lines and contributed to resistance to chemotherapeutic 
drugs in the PCa cell lines. 

Our findings support that upregulation of RasGRPS may 
participate in the carcinogenesis of PCa. First, human PCa cells 
(PC-S, DU145, LNCaP, PCSIV1-1E8, PCSIV1-2B4), each of which 
exhibits distinct features with respect to PCa status, were taken 
to adequately represent the clinical development of PCa. We have 
found RasGRPS to be overexpressed in all PCa cell lines, and high 
levels of RasGRPS expression were observed in highly malignant 
and highly metastatic characteristics of human PCa cells (PC-S, 
DDI 45, PCSIV1-1E8). Less expression was observed in weakly 
malignant and nonmetastatic cell lines (LNCaP and PCSIV1-2B4). 
Second, siRNA is transformed by double-stranded RNA or 
synthesized artificially during the process of posttranscriptional 
gene silencing. In our study, siRNA of RasGRPS was transfected 
into PC-S cells, and results showed that knockdown of RasGRPS 
inhibited cell growth, migration and invasion. Third, more 



RasGRPS expression was detected in PCa tissues than in BPH 
tissues, and increased ISS of RasGRPS was associated with a higher 
NCCN PCa risk group. Kaplan-Meier and Cox regression propor- 
tional analysis showed RasGRPS expression to be a significant 
factor in cancer-specific survival and PSA recurrence. This test may 
be suitable for use in clinical settings. 

Mutations in Ras have been reported for PCa, although they 
show considerable frequency in Western populations.^^ These 
mutations can lead to the activated, oncogenic form of Ras, Ras- 
GTP. Ras-GTP can specifically bind to the catalytic subunit of 
phospatidylinositol S-kinase (PISK). In human leukocyte-derived 
cells expressing RasGRPS facilitated a RasGRP/Ras/PISK signaling 
axis, the following PISK pathway has been confirmed in prostate 
carcinogenesis and important in castration-resistant PCa.^^"^^ 
Voeller et al?'^ confirmed that transfection of wild-type Ras is 
sufficient to cause increased anchorage-independent growth in 
the androgen-dependent LNCaP PCa cell line.^^ Overexpression of 
wtRas can cause normal prostatic cell lines to become metastatic.^"^ 
Epithelial-to-mesenchymal transition (EMT) is a critical mechanism 
for the initiation of PCa metastasis, and ectopic expression of 
oncogenic H-Ras is involved in the changes in adhesion and 
metastasis. Increased RhoA, Raci and Cdc42 expression in colon 
adenocarcinoma cells mediated cell migration, and Ras-specific 
guaninenucleotide exchange factors were confirmed to reduce 
Ras-dependent insulin-like growth factor 1 -induced migration and 
invasion of human bladder cancer cells.^^"^^ As an activator of Ras, 
increased levels of RasGRPS may contribute to PCa cell 
proliferation, migration and invasion through activation of Ras- 
related signaling. EMT is a physiologic process by which epithelial 
cells gain migratory and invasive capabilities convert into 
mesenchymal cells. It has been confirmed that EMT is involved 
in the progression of PCa, regulated by several signaling pathways, 
such as E-cadherin, transforming growth factor-p, growth factors. 
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Wnt, Notch and so on.^^ Loss of phosphatase and tensin homolog 
is considered as mediation event in EMT, accompanied by Ras 
activation?^ Further research into the molecular mechanism 
behind this is underway, and a paradigm for anti-RasGRP3 
targeting drug development may be established. 

CONCLUSION 

To the best of our knowledge, this is the first thorough analysis of 
RasGRPS with respect to the development of PCa. Our findings 
suggest a role for RasGRPS in the progression of PCa that is of 
certain prognostic significance, as well as suggest a more complex 
relationship within the Ras signaling pathway. More research is 
needed to address these regulatory possibilities. 
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